Based on cellular automata (CA), the diffusion of communication products, namely the mobile phone (MP) and the landline telephone (LT), were modeled and simulated. The ordinary least squares (OLS) procedure and nonlinear regression method were carried out to estimate the diffusion parameters. The predicted results were compared with the actual data. It is found that: (1) the diffusion processes of mobile phone and landline telephone were successfully examined using cellular automata method, (2) the predicted results of mobile phone and landline telephone show four stages of the product life cycle, (3) the present situation of mobile phones in China is at the fast growth stage and the present situation of landline telephone is at the maturity stage, (4) the market of mobile communication is growing fast and has a brighter future and the landline communication market is meeting great challenges. The future competition will be more serious between the mobile communication and the landline communication. Both of them can benefit from introduction of advanced technology and new services because such a strategy has the potential to convert some consumers of one of communications into another communications. As for the whole communications, the innovation of technology and services will be generated and introduced into the industry of communications to drive the market.
Introduction
With the rapid growth of economy, China has become one of the world's largest communications markets. The communication industry can be classified by two types: mobile communications and telecommunications, and the communication products are mobile phone (MP) and landline telephone (LT), respectively. With the liberalization and deregulation of the operators in communications market, the diffusion process and development trend of the two communications has been gained great interest and significance.
Since innovation diffusion theory was introduced to the marketing studies in the mid-1960s, research among consumer behavior, marketing management, and marketing science has resulted in a lot of literatures (Arndt, 1967; Frank et al., 1964; King, 1963; Robertson, 1967; Silk, 1966) . Traditionally, diffusion was defined as "the process by which an innovation is communicated through certain channels over time among the member of a social system" (Rogers, 1995) . Diffusion theory is frequently looked to for guidance on the dissemination of new technologies, new products, new services, and new regulatory initiatives (Gatignon and Robertson, 1985) . The research in literatures on modeling of the new product or innovation diffusion offered a lot of frameworks for the study of diffusion of information, ideas, and products. The details of those diffusion models in this area are available in many articles (Mahajan and Muller, 1979; Sultan et al., 1990; Mahajan et al., 1990; Parker, 1994; Hauser et al., 2006; Meade and Islam, 2006) .
Owing to the complexity of consumer behavior, the diffusion of new product based on adoption decision of consumers through social interactions among consumers can be considered a complex system problem. One of appropriate and convenient technique to model such complex systems is cellular automata (CA), which was described in detailed in some literatures (Wolfram, 1983; Wolfram, 1984; Chopard and Droz, 1998) . The marketing sciences have recently exhibited an increasing interest in diffusion research using cellular automata method. Goldenberg et al. (2001a,b; 2002) examined the effects on new product growth of homogeneous and heterogeneity markets and the process of word-of-mouth and the reason for a major slump in cross-market sales through cellular automata. The models of emergence of innovations (Goldenberg and Efroni, 2001 ) and the resistance to innovations (Moldovan and Goldenberg, 2004) were established and simulated. The early success of new product was also predicted through the spatial data of sales based on cellular automata (Garber et al., 2004) . Cellular automata was also used to simulate technology diffusion of internet (Fang et al., 2007) and market diffusion of new products and new services (Ma et al., 2008 (Ma et al., , 2009 ).
In order to reveal the underlying process of communications growth and to analyze the present and future market of communications, a cellular automata model was constructed to capture the complex diffusion dynamics and enable an in-depth analysis of the growth. The diffusion coefficients of mobile phones and landline telephones were estimated and their diffusion processes were simulated by cellular automata. The empirical evidences and predictions of the diffusion of communication products including mobile phones and landline telephones were provided in this paper.
The rest of this article continues as follows. Firstly, we proposed a diffusion model based on cellular automata. Secondly, the method and process of the simulation were presented. Thirdly, the diffusion processes of mobile phone and landline telephone were explored. Finally, we concluded by discussing the theoretical and practical implications.
The Cellular Automata Methodology
We begin our analysis by using a cellular automata methodology on the communication product diffusion. The cell space is the system of the communications diffusion including ten thousands cells. Each customer of the communication products or potential customer is a cell in the cell space which is the system of the communication products diffusion. There are two states which are customer (receiving the value of 1) or non-customer (receiving the value of 0). The state of the center cell at t depends on the state of eight neighbors at ( 1) t  . Each customer can always be a customer after the use in the whole communication product diffusion process. The premise of the Bass model (1969) is used as the evolution rule R of cellular automata
where p is the innovation coefficient and q is the imitation coefficient, and P is the transfer probability from non-customer to customer. Each individual adoption probability is calculated by evolution rule at each cellular automata evolution step (CAES). ( ) Y t is the cumulative number of previous customers at time t .
Simulations are implemented by calculating evolution rules of the communication products diffusion of both mobile phone (MP) and landline telephone (LT). The diffusion parameters are estimated by carrying out the ordinary least squares (OLS) procedure and nonlinear regression method by manipulating the Bass model (Bass, 1969) . The data of customers of mobile phone and landline telephone come from Development Research Center of the State Council of P.R. China.
Results and Discussions

The diffusion of mobile phone
The diffusion parameters of the CA model of mobile phone (MP) are estimated using the actual annual data based on an OLS procedure, and the results are From Figure 1 , it can be seen that: in the beginning, mainly due to external influences, diffusion of MP is happened evenly throughout the space, while in the later, mainly due to internal influences, diffusion of MP is regional gathering.
From Figure 2 and Figure 3 , it is found that: (1) the predicted results of the number of customers and cumulative number of customers of mobile phone show a bell-shaped curve and an S-shaped curve, respectively, (2) the predicted results of the number of customers and cumulative number of customers of mobile phones display the four stages (introduction stage, growth stage, maturity stage, and decline stage) of the life cycle of a new product, (3) the present situation of mobile phone in China is in the period of growth stage because the actual annual customer number of mobile phone is growing very fast and will reach the peak in the near future, although a steeper of fluctuation from 2003 to 2005 can be found, (4) with the market of mobile phone fast growing, advanced technology and new service will be created and introduced into the industry of mobile phone to drive the market into the period of maturity stage.
The diffusion of landline telephone
The estimated results of the diffusion parameters of the CA model of landline telephone (LT) From Figure 4 and Figure 5 , it can be seen that: (1) the predicted results of the number of customers and cumulative number of customers of landline telephone show a bell-shaped curve and an S-shaped curve, respectively, (2) the predicted results of the number of customers and cumulative number of customers of landline telephone display the four stages (introduction stage, growth stage, maturity stage, and decline stage) of the life cycle of a new product, (3) the present situation of landline telephone in China is in the period of maturity stage because the actual annual customer number of landline telephone have already reached the peak of the predicted curve (See Figure 4) , (4) the market of landline telephone is going to enter the decline stage and gradually be out of the communications market, if the innovation of advanced technology and new services can not be involved in the landline telephone communication.
Conclusions
In this article, cellular automata method was used to model and simulate the communication products diffusion of mobile phone and landline telephone. The ordinary least squares (OLS) procedure and nonlinear regression method were carried out to estimate the diffusion parameters. The predicted results were compared with the actual data. Some significant conclusions can be made as follows.
Firstly, the diffusion processes of mobile phone and landline telephone in China were successfully examined using cellular automata method.
Secondly, the predicted results of mobile phone and landline telephone show four stages of the product life cycle, namely the introduction stage, the growth stage, the maturity stage, and the decline stage.
Thirdly, the present situation of mobile phone in China is at the fast growth stage, and the annual customer increments of mobile phone will reach the peak in the near future. With the market of mobile phone fast growing, advanced technology and new service will be created and introduced into the industry of mobile phone to drive the market into the period of maturity stage Fourthly, the present situation of landline telephone in China is at the maturity stage, and the annual customer increments of landline telephone have already reached the peak of the predicted curve. The market of landline telephone is going to enter the decline stage and gradually be out of the communications market, if the innovation of advanced technology and new services can not be involved in the landline telephone communication Finally, the results indicated that the market of mobile communication is growing fast and has a brighter future and the landline communication market is meeting great challenges. The future competition will be more serious between the mobile communication and the landline communication. Both of them can benefit from introduction of advanced technology and new services because such a strategy has the potential to convert some consumers of one of communications into another communications. As for the whole communications, the innovation of technology and services will be generated and introduced into the industry of communications to drive the market. 
